Nanofibrous membrane of collagen-polycaprolactone for cell growth and tissue regeneration.
Nanofibrous substrates of synthetic polymers including polycaprolactone (PCL) have shown considerable potential in tissue regeneration. This paper reports the use of PCL/collagen nanofibers to improve the in vitro osteoblastic responses for the applications in bone regeneration area. Collagen and PCL were dissolved in a co-solvent, and the resulting solution was electrospun into a nanofibrous web. Nonwoven fibrous matrices were successfully produced at various compositional ratios (PCL/collagen = 1/3, 1 and 3 by weight). Although the PCL nanofiber was hydrophobic, the presence of collagen significantly improved the water affinity, such as the water contact angle and water uptake capacity. Tensile mechanical tests showed that the collagen-PCL nanofiber had a significantly higher extension rate (approximately 2.8-fold) than the PCL while maintaining the maximum tensile load in a similar range. The osteoblastic cells cultured on the collagen-PCL nanofibrous substrate showed better initial adhesion and a higher level of growth than those cultured on the PCL nanofiber. Furthermore, real-time RT-PCR revealed the expression of a series of bone-associated genes, including osteopontin, collagen type I and alkaline phosphatase. The expression of these genes was significantly higher on the collagen-PCL nanofiber than on the PCL nanofiber. When subcutaneously implanted in mouse the collagen-PCL membrane facilitated tissue cells to well penetrate into the nanofibrous structure at day 7, whilst no such cell penetration was noticed in the pure PCL nanofiber. Overall, the presence of collagen within the PCL nanofiber improves the water affinity, tensile extension rate, and the tissue cell responses, such as initial adhesion, growth, penetration and the expression of bone-associated genes. Therefore, the collagen-PCL nanofibrous membrane may have potential applications in the cell growth and bone tissue regeneration.